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The main result is

THEOREM, If A is a simple Lie-admissible power-associative
ring with characteristic prime to six, and if A has an idem-
potent ¢ relative to which A has a Peirce decomposition such
that A, =0, then either ¢ is a unity element of A or A = B,
where B is a three-dimensional algebra having a basis {e, z, y}
such that e?=¢, ex=2x, ye=y, xy=—yr=¢ and ze=ey=u2=y*=0.

If A is a simple Lie-admissible power-associative ring then A be-
longs to a class of rings which includes associative rings, Lie rings,
commutative power-associative rings, Jordan rings, anti-flexible rings,
rings of type (v,d) and others. Lie rings do not have idempotent
elements, and simple (v, 6) rings with an idempotent ¢ = 1 have been
shown [2, 3, 4, 5, 6, 8] to be associative. Thus if A has an idem-
potent element ¢ == 1 then A belongs to a class which includes rings
of the associative, commutative power-associative, and antiflexible
types. Assuming that A has an idempotent e satisfying,

(1) (e,e,0) = (¢,x,¢) = (x,6,6) =0,
suffices to establish a Peirce decomposition,
A:A11+A10+A01‘|‘A00,

where A;; = {vx € A|ex = i, xe = ja} for ¢,5 = 0,1. This assumption
eliminates the possibility that A4 is commutative, for then 4,,= A4, =0,
so [2] A= A,PD A, and simplicity implies that A = A,, hence e is
a unity element for A.

The class of rings under consideration does contain members which
are not associative. Kosier [7] has given examples of simple Lie-
admissible power-associative finite-dimensional algebras, the so-called
anti-flexible algebras. These have the property that A = 4,, + A, in
every Peirce decomposition.

There are no rings with unity element, 1, which possess a Peirce
decomposition with respect to an idempotent e¢ = 1 in which A, = 0.
This is because 1 — ec A,,.

The algebra B of our theorem was introduced in [9]. It has the
property that B~ is a simple Lie algebra.

The associator, (z,y,2) = (vy)z — x(yz), and the commutator,
[z, y] = #y — yx, are functions which, defined on any ring, are linear
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in each variable and related by the identity,

(2) oy, 2] + [yz, 2] + [22, 9] = (@, 9,2) + (4,2, %) + (2, 2,9) .
A Lie-admissible ring satisfies,

(3) [xy — yz, 2] + [yz — 2y, %] + [0 — %2, 9] =0,

and a power-associative ring whose characteristic is prime to two
satisfies

(4) [y + yx, 2] + [yz + 2y, 2] + [22 + 22,9] = 0,
hence in the ring A the function

Hx,y,2) = (%,9,2) + (¥,2,%) + (2,2,9)
= oy, 2] + [yz, ] + [22, ¥]

is identically zero. Also, the fourth-power-associativity identities
@, %, 2) =0 and (x,x,2*) =0 may be linearized to yield functions
P(a, b, x,y) = >, (ab, 2, y) and Q(a, b, z,y) = X, (a, b, xy) which are
identically zero. The 3, here in both cases indicates a sum to be
taken over the twenty-four permutations of a, b, x and y.

We will use - as well as juxtaposition in denoting products, with
juxtaposition taking precedence. Thus a-bc = a(be).

LEMMA. Let A be a ring whose characteristic is prime to six
and in which the functions H, P and @ vanish identically. Suppose
A contains an idempotent e relative to which A has a Peirce decom-
position. If a,, denotes the component of an element a in the
module A,, then

(5) Y =0,

(6) Tl + Yuls € Ay

(7) whi € Ay

(8) Toli; = (Cillss)is + (Calfis)is € Ais + Ay
(9) Yii®i = ®ailis)i5 € Ajs

(10) Yii®u = (Y5%i) i + Y®i)s; € Aj + Ay
(11) Tl = (Yi)is € Ay

(12) Tilss = Yai®ii € Ai + Ay;

(13) Y €A+ Ay,

(14) Y € Ay + Ajy
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(15) [A%, A + A + A1 =0,
(16) [4:;4;, Al =0,
(17) [4::4;5, A} =0,
(18) [4;;4:, Al =0,

(19) Qi TiYs; = Piilii Qi = (L/2)((@iisYis)ii + (@5 i5)ii) »
(20) i %Y i = Cilije G = (L2)((05:055 Y + (V5@ 55)ia)

(21) (@@ Y g5 + Y5%53))ie = (@i Ysi)is + (YgaQai Tig)ai
and
(22) (@Y 50 + Y5i%i)0ii)is = (Yji @iaiz)is + (Fsj+ Y iQia)ai

Proof of the lemma. Identities (5), (6) and (7) arederived in [1]
using only the fact that the functions H, P and @ vanish identically.
All of the identities are obtained by relatively straightforward substi-
tution of elements into H, P and Q. Due to the excessive length of
many of the computations involved we leave the proofs to the reader.

Since our theorem hypothesizes that 4,, = 0 the multiplicative pro-
perties stated in (8) through (14) of the preceding lemma can be more
compactly exhibited in our case by the module multiplication table:

4, | A | A4,
All All AIO 0
(23)
A1o 0 ‘ An Au
Ay | Ay | Ay | Ay

We will henceforth make free use of the properties shown in this
table. Note also that (12) can be written

(24) [Aio; Au] = [Awy Au] =0,

and (15) can be written

(25) [AL, A, + Ayl = [4%, 4, + 4,]=0.

From (16) we have

(26) [An4y, A,] =0,

and (19) through (22) specialize to

(27) Oy Taolso = Dol Gy = (1/2)(@usbr0 Yso + Quiio* )

(28) Ay ToyYoo = CoYor* Ay = (1/2)(9501“11 Yoo + Yol xm) y
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(29) (@il T You) = @@ Yor + Yorlus* Tro
and

(30) (%Yo, + Yul10)Cy = Yor* A%y + Tio* YOy »
respectively.

We assume throughout that e is not a unity element for A. We
will show

(31) (Ay Auy Au) = (Auy A, Au) = (Any Am A) =0.

The submodule 4,, is a subring of A, and for 7 # j, two of the
associators in H(x,, ., ;) = (Tu1y Vi i) + Yy Wiy Tur) + (@55 @11, Y1) = 0,
are equal to zero, hence all three are equal to zero. Thus it suffices
to show that A, is associative.

We assert that the submodule I = (A, 4,,, 4.) + (4., 4,1, ADA,
is an ideal of A. We will use the fact that the function T(a, x, ¥, b) =
(ax, ¥, b) — (a, xy, b) + (a, z, yb) — a(x, ¥, b) — (a, z, y)b is identically
zero in any nonassociative ring. Thus 0 = T(@un, %, Yu, b:;), With
m+n=1+7 =2 implies that 4,,(4,,,4,,4,) S I, and with m +n =2,
%+ Jj =1, implies that (A4,, 4., 4,) 4;; =0, using the fact that
(A4,,A4,,4,;)=0. If m+n=1 and <¢+j5=2 then we get
A, (A, Ay AL =0, Thus (4,4, 4A0)A + A(AL, A Ay is in L
Furthermore,

(A, Ay ADALAS (A, Ay, Ay, Auy A) + (A, Ay ADACST,
so TJA=S I. Finally,

A.(All’ All? All)All g (A) (All! All! All)’ All)
+ A(Auy Aur Au)‘Au g I + IAu -EI y
and it follows that AISI. Hence I is an ideal of A. If A = I then
¢ is a unity element for A, which contradicts our assumption. There-
fore I = 0 and in particular (A4,, A,,, 4,) = 0, which proves (31).

We assert next that A2, = A% =0. First we prove that J = 43 +
A% A, is an ideal of A. We have

AmA;o & A10A11 =0 ’ A01Afo = A?oAm gAuAm =0

by using (25), and A, A} = ALA4, E A}, by (27). Thus ALA + AAL S J.
Moreover, (A}A)AS A4, =0, and, by using (31), A.(4%A4,) =
(A, A)A, S ALA,, S J. Letting a,, = u,w, in (29) we have

UiVio(C1Yor + Youio) = (UsoV10° Bi0)Yor + (You* Uro¥10) %o -

But yo, %00 = U0 Yo = 0 by using (25), so
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(uwvlo' xlo)ym = ulovlo(xmym =+ yoxxlo) € AioAn cJ
and therefore A%A,-A,=J. Finally, H(u,v,, X, ¥) = 0 implies
?/01(“10'”10 ° xlo) = (uw'uio * xlo)?/m € A?oAm ° A01 = J.

Thus J is an ideal of A.
Since A is simple either J=0 or J =A4. If J= A then A%, =A4,,
A,A,= A, and A, = 0. Thus we may write

e= }tj afyl’
But o
0 = H(2y, Zi0y Y10) = [, Yuo] + [21Y10, Tio] + [926%16, o]
Y0 + 2TY 1 T

and

0 = (1/4)P(210; %10y Y105 Yio)

= (%loy Y10y Y10) T 2LsY105 Tr0y Y10) T 2(@1Yi0s Y105 T10) + (Yo, oy L10)
T Yo — TioYio T 2(Tiel 0" C0)Yr0 — 280Ys0" TaYro + 2(T0ol10° Y10)Tuo
— 22,0Y10 Y1oro + YioTio* Tio — Y1oTo

1l

so using the fact that A% is in the center of the associative subring
A, we obtain 22y’ = —2(x,y,.):. It follows that

(@¥0) = (1/4)(@hyh)' = (1/4)atyl, =0

since «¥, = x,,-2% = 0. But then we have

t 3t+1
e= et = (Nuiur) =0,
=1

since every term in the multinomial expansion must contain, for some
4, a factor (z{¥y¥)* = 0. From this contradiction we conclude that
J =0, hence A% = 0. Then also A% = (4%)* = 0, where 4 is a ring
which is anti-isomorphic to A.

We may now replace (23) with the table,
All AlO AOI
All All AIO 0
Am 0 0 Au
Ay | An | Au 0

(32)

We will continue to make free use of these multiplicative properties
in the sequel. Of special interest are the identities,

(33) Yor*Zulio = — R LYo

and
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(34) YwRo* Lo = — L% Yo »

obtained by using the function H and (32).
We show next that the subring A, is itself a simple ring.
Let B, be any nonzero ideal of A, and consider the submodule,

L= Bu + Bqu + AmBu + Am‘BnAlo
=+ A01Bu'A10 + (Am'BuAm)Au =+ An(AmBu’Am) .

We will show that L is an ideal of A.
Bvidently, AB,, + BLAS L. Also B,A,,-A, S A,A, = 0; and by
(31), Au'BuAlo - AnBu'Aw;BuAlog L- By (24),

Alo‘Bqu = Bqu'AmgA%o =0.

Noting that B, A4, < A4,.B.,,-A,+B, =L by (29), and A,-B,A, & L
by the definition of L, we see that A-B, A, + B,A,,-AS L. More-
over, A-A,B, -+ A,B,,cA< L from the left-right symmetry of our
identities. Similarly, verification that the fourth and sixth terms in
in the definition of L yield elements of L when multiplied on the left
or right by an element of A implies the same result for the fifth and
seventh terms.

By (26); [Am‘BnAmy Au] S [A01A10y An] = 0. Since (Am'BnAw)AugL
by definition of L, it follows that A,(A,-B.A4,) <L also. Clearly,
A10(A01‘B11A10)gA10A11:Oy and by (34), (Am'BnAw)AmgAlvox‘BqugL-
Also (A,,-B,A)A, S 4,4, = 0, and by (30) and (33),

A01(A01 : BIIAIO) = Am(Bu + AlO ° A01B11) S L
+ A01(A10 'AmBu) & L + onBn‘onAw S L.

Thus A(Am'BnAm) + (on'BuAlo)AgL-
Since [A,-B, A, A.]S[AnA,, Ayl = 0 it suffices to show that
(A01'B11A10)A11'A and A'Au(Am'BnAlo) are in L. By (3l)y

(Am * BuAm)An ‘A= (A01 y BnAlo) M AuA S (Am * BuAlo)A S L

and A'An(Aol'BuAlo) = AAn'(Am'BuAlo) = A(Am'BuAlo) L. This com-
pletes the verification that L is an ideal of A.

Since A is simple and 0 = B, & L we must have L = A, hence
BnAw = A1o and AmBu - Am-

If bll e Bll then bu(auww)'ym _i— yﬂlbll.allxlo e Bll and

(0:1,01) @10 Yor + Yor(byy@) % € By,

by (29). Taking the difference of these two elements and using (31)
gives (Yo0)a %y — Youbiyau®y, € By, Since A, B, = A, it follows that
(A019 All) AIO) g Bll'

If the intersection of all proper ideals of A, is the zero ideal,



LIE-ADMISSIBLE POWER-ASSOCIATIVE RINGS; 257

then (4, 4., 4,,) = 0. Hence, by (31) and (33),

zm(an ° xwym) = 2pQy;* XYy = — ym(zmau * xm)
= —You(Zos* 011 %10) = Z0u(@1, %10 You) ;

Le., 20(a@y, %y Yo) = 0.

Since the set N,, of elements of A,, which annihilate A4, is an
ideal of A,,, and since 0 = 4,N,, # A, it follows that N,, = 0, hence
(4,, Ay, Ay) = 0. Thus 4,4, = (B,AWA, = B,(4,,4,) E B, and, by
using (29), A, A,, = (A,B.)A,< B, A,,- A, + B,, S B,,.. This implies that
the ideal L is given by L = B,, + B,,4,, + A,B,. Since A is simple,
B, = A, and A, is simple.

The other possibility is that A, contains a unique minimal ideal,
M,. If (A, A, 4,) = 0 we may proceed as above. Thus assume
that there exists a nonzero element b,, of the form (y,, a,;, ©,). Since
(4, A, Ay) S B,, for every nonzero ideal B, of A,, we see that
b,c M,. Moreover b, is in the center of A, by (26). Since M, is
minimal, M,, = b,A4,,. If b,c, = 0 then, since A, M, = A,, Auc, =
A, A bc, =0, Thus ¢,eN,=0; i.e., no nonzero element of A, an-
nihilates b,,. Hence b% = 0 and M,, = b3, 4,,. Then there exists b, € 4,
such that b, = b%d,,, or b,(e—b,d,) =0. It follows that e=1>0,d,e M,
hence M,, = A, is simple in this case also.

By (31), (33), and (26), 20T 1001 * A1) = (Zoy* T1oY0) By = — (Yo * Z0y10) Ay =
= You(R0i0 @) = — Yo @11 20:%10) = — Youli R @s0 = Zou(@i0° Youly); 1.4, 20y(T10,
Yo, @) = 0, or (A, Ay, A) EN,, = 0. Then (30) reduces to ¥y, @, =
Yor* @, 2,5, Which, in view of (26), implies that A,A4, is an ideal of A4,,.
If A,A4,, = 0 then (34) implies that A4,,4,, annihilates A4,,, hence 4,4, =
0. But then we easily see from (32) that both A, and A4, are ideals
of A, hence 4,, = A, = 0, which implies that ¢ is an unity element
for A = A,,. From this contradiction we conclude that 4,4, = A,,
hence by (26), A,, is commutative and therefore a field.

Let A, = @e. To prove that A, is one-dimensional over @, choose
0 =+« 2, € A,, such that z,4,, = A, = ®e. Suppose 2,2, = e¢. Then for
every ¥, € A, we have, by (33), ¥y, = — 2y ¥y = @2, for ac®. Also
A, = At is one-dimensional over @.

We now have A, = @e, A, = Oz and A4, = Oy. Since (34) gives
(xy + yx)x = 0 and 2y + yx € Pe, we must have vy + yx = 0. Without
loss of generality we may take xy = —yx = ¢, which completes the
proof of the theorem.

This paper is based on a portion of the authors doctoral disser-
tation written under the direction of Professor Erwin Kleinfeld, to
whom the greatest appreciation is expressed. Thanks are also due the
referee who indicated modifications in the original proof allowing for



258 W. E. COPPAGE

an extension to rings of the theorem originally proved only for finite-
dimensional algebras.
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